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Letter to Nature

Popular Summary

Surface-air temperatures measured in winter at 3 meteorological stations in

central Europe rise substantially for most of the second-half of the 20 th

century. This means shorter winter, and longer growing season, which has

positive implication_ for regional agriculture. However, these positive

trends stopped in winter of 1996, and for the recent 7 years no further

climatic amelioration is reported.



Surface-air temperatures in winter and early-spring in central Europe rose

over the second half of the 20th century, as reported for somewhat different data-

spans, and by different approaches 1,2,3. Comparison of the different studies is

difficult, inasmuch as there are disparities in trends evaluated for different spans of

years and different locations. Observations at meteorological stations in central

Europe are analyzed here for the years 1951-2002. For three groups of pentads (5-

day periods) during January, February and March in Berlin and Poznan', the

monthly average of the daily minimum surface-air temperature, Train, rose more

steeply in the years 19:_1-1995 than that of the daily maximum temperature, Tin,x-

In Munich, the winter surface-air temperature rose in the period 1981-1995 at the

rate of 2.77°C/decade, and the tropospheric temperature at 1.52°C/decade. We

attribute the bulk of this sharp winter warming to stronger southwesterlies over the

North Atlantic, with which the temperatures in Europe are strongly correlated 4's.

However, for the most recent period, after 1995, a downturn of the warming is

observed which we attribute to the concurrent 1996-2001 downturn of the ocean-

surface southwesterlies over the North Atlantic 6, which is associated with a change

in the North Atlantic Oscillation, NAO. The warming and the downturn suggest an

unfolding oscillation, which can have important implications for the climate of

central Europe.

For three groups of pentads (5-day periods), 1 to 6 (January), 7 to 12 (February),

and 13 to 18 (March), _e analyze data from meteorological stations in Berlin (eastern

Germany) and in Poznan' (western Poland) for 1951-2002. Both the average daily

maximum temperature, Tin, x, and the average daily minimum temperature, Train, are

examined. The 1951-1995 trends (slope of the best-fit line) in Tm,x and Tmi_ are

presented in Table 1, aild the March temperatures for the entire 1951-2002 period are

presented in Fig. 1 for B,_rlin (top panel), and for Poznart (bottom panel). The strong trend

in Train for March, 0.58"C/decade in Berlin and 0.76°C/decade in Poznar/, is especially

significant in agricultur,:, since the beginning of the planting and end of the growing

season are very much constricted by the danger of frost. The March Train in Poznan' was

above the 0 e C line in the early 1990s, whereas it was below -2 ° C in the early 1950s. We

note, however, strong ivterannual variability: the standard deviation ranges from above



2°C to almost 4°C. This variability obviously negatively affects the growing season. In

March, snow-melting oc::urs (the timing depends on region; there is little snow in March

in west-central Europe), and the absorption of insolation by the much lower-albedo

surface marks the arrival of spring 7.

From the study of the surface-air and tropospheric temperatures in winter

(December-February) for Munich 2, Germany, we selected for analysis the years 1981-

2002 (see Fig. 3). In thLs period the global annual mean temperatures, which fluctuated

in a narrow range from 1940 to 1980, rise steeply starting in 1981, at the rate of

-0.2°/decade (data by Hadley Center, UKMO and Climate unit, Univ. East Anglia, see

Trenberth8). In this 1981 - 1995 span, the winter (January, February, and December of the

preceding year) surface-_dr temperature in Munich trends positively at 2.77°/decade, and

the tropospheric (850-300 mb layer) temperature at 1.52°/decade. This surface-air trend

is much larger than th,', 1948-1999 trends of about 0.4°C/decade derived for central

Europe (the center of the NCEP Reanalysis cell at 50.5°N; 11.2°E, some 250 km north of

Munich) for the second half of February and first half of March 5, and are presented to

hint at the magnitude o l"the trend, even though their statistical basis is not robust. The

steeper increase at the s Jrface compared with the tropospheric temperature is consistent

with low-level warm (maritime-air) advection as the direct forcing, which produces a

steeper lapse rate, strorg vertical motions and increased cloudiness (since moisture is

advected). The enhanc,:d greenhouse effects can be regarded as a substantial positive

feedback to the direct effect of the incursion of warmer airmasses 9. In contrast to this

scenario of low-level advection, modeling the greenhouse-gas increases indicate just the

opposite, a stronger warn ning in the troposphere than at the surface 8.

The strong trend for Berlin and Poznar/appears to be broken starting in 1996. In

1996-2002 both Train and Tmax are essentially below their 1951-1995 trend lines in each of

these three months, as illustrated for March in Fig. 1. The difference between the

temperatures in 1996-2902 as "expected" from extrapolation, by continuations of the

1991-1995 trend-lines, md the actual observations (the seven-year average) amount to

0.86 and 1.12°C for '['max, and 0.98 and 1.680C for Train, for Berlin and Poznalq

respectively. Likewise, the 1996-2002 Munich temperatures are below the 1981-1995



trend-lines,by 2.38°Ci:l the caseof the surface-air,and by 1.47°Cin the caseof the

troposphere.

We attributethe_;trongwarmingtrendandthesubsequentdownturnto theparallel

changesin the southw_sterliesover the North Atlantic6, analyzedfrom the National

Centersfor Environmenal PredictionReanalysis.Thestrengthof the southwesterliesis

computedasa specificindex,by averagingthe speedof the ocean-surfacewinds when

from the quadrant1800-','.70° (whenthewind is from anotherdirection,its contributionto

the indexis countedas2ero).In 1981-1995,whenthesurface-airtemperaturesin Munich

wererising at therate 2 77°C/decade,thesouthwesterliesat 20°W;55°N, at the gateway

to Europe,wereincreasingat a rateof 1.11msl/decade,and at 20°W; 35°N (wherethe

winds are negativelyc_,rrelated11with those at 55°N) were decreasingat the rate of

1.76°C/decade.Thesest:'ongtrendsin thesurfacewinds are relatedto the trend in NAO

index, which was incr,:asing in March at the rate of 1.74 mb/decade(see Fig. 3).

However,thetrend to slrongersouthwesterlieswasbrokenin thewinter of 19966,which

is relatedto thedowntur:lthatyearin theNAO indexshownin Fig. 3.

Stronger southaesterlies,to which we attribute the bulk of the 1951-1995

temperaturerisein Europe,couldpossiblybe aconsequenceof circulationchangesin the

globalwarmingdueto the increasinglevelsof greenhousegases.However,the 1996-on

downturnin theMunich, Berlin andPoznarfindicatestheoscillatorynatureof theclimatic

change that we analize, confirmed by parallel patterns in the North-Atlantic

southwesterlies, and in their control _°, the NAO index. Thus a linkage to the global

warming, which should nave produced a more steady trend, is unlikely.

It appears doub ful that the pronounced increases in the plant growing season in

central Europe that we observe till 1995 (see Table 1 and Figs. 1 and 2) will continue,

which has implications ibr agriculture in Europe.

Acknowledgements: Temperature data for Fig. 2 were provided by Jim Angell, NOAA

(consultant), and the I'_AO Index for Fig. 3 by Jeff Rogers, Ohio State University.



Table1.1951-1995trenclsin thesurface-airtemperature,for Tmax and for Train at two

meteorological stations in central Europe, °C/decade.

For"

Berlin

January February March

Tmax Train Tmax Train ,Tmax Tmin
0.51 0.44 0.47 0.49 0.44 0.58

Poznan' 0.55 0.67 0.60 0.77 0.63 0.76
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Figure Captions

Fig. 1 Maximum daily temperature Tm,x and the minimum daily temperature Train 1950-

2002, for pentad-group 1 _-18 (effectively March), for Berlin in the top panel, and for

Poznan' in bottom panel.

Fig. 2 Winter (Decembe- February) surface-air temperatures Ts and the tropospheric

temperature Tt in Munict Germany, for the years 1981-2002.

Fig. 3 March NAO Ind:x for the years 1875-2000, with trends computed for 1950-1995
and 1981- 1995.
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Surface-air temperatures in winter and early-spring in central Europe rose

over the second half ol the 20th century, as reported for somewhat different data-

spans, and by different approaches 1,2,3. Comparison of the different studies is

difficult, inasmuch as there are disparities in trends evaluated for different spans of

years and different locations. Observations at meteorological stations in central

Europe are analyzed here for the years 1951-2002. For three groups of pentads (5-

day periods) during January, February and March in Berlin and Poznan', the

monthly average of the daily minimum surface-air temperature, Tm_n, rose more

steeply in the years 1951-1995 than that of the daily maximum temperature, Tmax.

In Munich, the winter surface-air temperature rose in the period 1981-1995 at the

rate of 2.77°C/decade, and the tropospheric temperature at 1.52°C/decade. We

attribute the bulk of this sharp winter warming to stronger southwesterlies over the

North Atlantic, with _hich the temperatures in Europe are strongly correlated 4's.

However, for the mosi recent period, after 1995, a downturn of the warming is

observed which we attribute to the concurrent 1996-2001 downturn of the ocean-

surface southwesterlies over the North Atlantic 6, which is associated with a change

in the North Atlantic Oscillation, NAO. The warming and the downturn suggest an

unfolding oscillation, which can have important implications for the climate of

central Europe.

For three groups of pentads (5-day periods), 1 to 6 (January), 7 to 12 (February),

and 13 to 18 (March), 0¢e analyze data from meteorological stations in Berlin (eastern

Germany) and in Poznan' (western Poland) for 1951-2002. Both the average daily

maximum temperature, Tin,x, and the average daily minimum temperature, Train, are

examined. The 1951-1995 trends (slope of the best-fit line) in T,_x and Train are

presented in Table 1, a1_d the March temperatures for the entire 1951-2002 period are

presented in Fig. 1 for B_:rlin (top panel), and for Poznar/(bottom panel). The strong trend

in Train for March, 0.58'C/decade in Berlin and 0.76°C/decade in Poznar/, is especially

significant in agriculture, since the beginning of the planting and end of the growing

season are very much constricted by the danger of frost. The March Train in Poznan' was

above the 0° C line in the, early 1990s, whereas it was below -2 ° C in the early 1950s. We

note, however, strong ir_terannual variability: the standard deviation ranges from above



2°C to almost4°C.ThL, variability obviouslynegativelyaffectsthe growing season.In

March,snow-meltingoccurs (the timing depends on region; there is little snow in March

in west-central Europe), and the absorption of insolation by the much lower-albedo

surface marks the arrival of spring 7.

From the study of the surface-air and tropospheric temperatures in winter

(December-February) for Munich 2, Germany, we selected for analysis the years 1981-

2002 (see Fig. 3). In thLs period the global annual mean tempei-atures, which fluctuated

in a narrow range from 1940 to 1980, rise steeply starting in I981, at the rate of

-0.2°/decade (data by Hadley Center, UKMO and Climate unit, Univ. East Anglia, see

TrenberthS). In this 1981 - 1995 span, the winter (January, February, and December of the

preceding year) surface-:fir temperature in Munich trends positively at 2.77°/decade, and

the tropospheric (850-300 mb layer) temperature at 1.52°/decade. This surface-air trend

is much larger than the: 1948-1999 trends of about 0.4°C/decade derived for central

Europe (the center of the NCEP Reanalysis cell at 50.5°N; 11.2°E, some 250 km north of

Munich) for the second half of February and first half of March 5, and are presented to

hint at the magnitude o1"the trend, even though their statistical basis is not robust. The

steeper increase at the sarface compared with the tropospheric temperature is consistent

with low-level warm (maritime-air) advection as the direct forcing, which produces a

steeper lapse rate, strong vertical motions and increased cloudiness (since moisture is

advected). The enhanced greenhouse effects can be regarded as a substantial positive

feedback to the direct effect of the incursion of warmer airmasses 9. In contrast to this

scenario of low-level ad vection, modeling the greenhouse-gas increases indicate just the

opposite, a stronger wanning in the troposphere than at the surface s.

The strong trend for Berlin and Poznar/appears to be broken starting in 1996. In

1996-2002 both Train an(:i T_x are essentially below their 1951-1995 trend lines in each of

these three months, as illustrated for March in Fig. I. The difference between the

temperatures in 1996-2,)02 as "expected" from extrapolation, by continuations of the

1991-1995 trend-lines, md the actual observations (the seven-year average) amount to

0.86 and 1.12°C for '['max, and 0.98 and 1.68°C for Train, for Berlin and Poznaff

respectively. Likewise, the 1996-2002 Munich temperatures are below the 1981-1995

2



trend-lines, by 2.38°C il the case of the surface-air, and by 1.47°C in the case of the

troposphere.

We attribute the _;trong warming trend and the subsequent downturn to the parallel

changes in the southwcsterlies over the North Atlantic 6, analyzed from the National

Centers for Environmental Prediction Reanalysis. The strength of the southwesterlies is

computed as a specific index, by averaging the speed of the ocean- surface winds when

from the quadrant 1800-270 ° (when the wind is from another direction, its contribution to

the index is counted as zero). In 1981-1995, when the surface-air temperatures in Munich

were rising at the rate 2 77°C/decade, the southwesterlies at 20°W; 55°N, at the gateway

to Europe, were increasing at a rate of 1.11 ms-_/decade, and at 20°W; 35°N (where the

winds are negatively correlated _z with those at 55°N) were decreasing at the rate of

1.76°C/decade. These st:zong trends in the surface winds are related to the trend in NAO

index, which was increasing in March at the rate of 1.74 mb/decade (see Fig. 3).

However, the trend to stronger southwesterlies was broken in the winter of 19966, which

is related to the downturn that year in the NAO index shown in Fig. 3.

Stronger south_esterlies, to which we attribute the bulk of the 1951-1995

temperature rise in Europe, could possibly be a consequence of circulation changes in the

global warming due to tJ_e increasing levels of greenhouse gases. However, the 1996-on

downturn in the Munich. Berlin and Poznar/indicates the oscillatory nature of the climatic

change that we anal2rze, confirmed by parallel patterns in the North-Atlantic

southwesterlies, and in their control _°, the NAO index. Thus a linkage to the global

warming, which should llave produced a more steady trend, is unlikely.

It appears doubtful that the pronounced increases in the plant growing season in

central Europe that we _bserve till 1995 (see Table 1 and Figs. 1 and 2) will continue,

which has implications J0r agriculture in Europe.

Acknowledgements: Te:nperature data for Fig. 2 were provided by Jim Angell, NOAA

(consultant), and the I'IAO Index for Fig. 3 by Jeff Rogers, Ohio State University.

3



Table1.1951-1995trencsin thesurface-airtemperature,for Tmax and for Train at two

meteorological stations in central Europe, °C/decade.

For: January February March

Tmax Train Tmax Tmin Tmax Tmin

Berlin 0.51 0.44 0.47 0.49 0.44 0.58

Poznan' 0.55 0.67 0.60 0.77 ().63 0.76
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Figure Captions

Fig. 1 Maximum daily tl :mperature Tmax and the minimum daily temperature Train 1950-

2002, for pentad-group 13-18 (effectively March), for Berlin in the top panel, and for

Poznan' in bottom panel.

Fig. 2 Winter (December- February) surface-air temperatures Ts and the tropospheric

temperature Tt in MuniclL Germany, for the years 1981-2002.

Fig. 3 March NAO Indzx for the years 1875-2000, with trends computed for 1950-1995
and 1981- 1995.
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